ADV, adefovir dipivoxil; CP, Child-Pugh; HBV, hepatitis B virus; INR, international normalized ratio; MELD, model for end stage liver disease Received : May. 21, 2014 / Revised : May. 30, 2014 / Accepted : Jun. 5, 2014 Background/Aims: Adefovir dipivoxil (ADV) is a nucleotide analogue that is effective against lamivudine-resistant hepatitis B virus (HBV). The aim of this study was to determine the long-term clinical outcomes after ADV rescue therapy in decompensated patients infected with lamivudine-resistant HBV. Methods: In total, 128 patients with a decompensated state and lamivudine-resistant HBV were treated with ADV at a dosage of 10 mg/day for a median of 33 months in this multicenter cohort study. Results: Following ADV treatment, 86 (72.3%) of 119 patients experienced a decrease in Child-Pugh score of at least 2 points, and the overall end-stage liver disease score decreased from 16±5 to 14±10 (mean ± SD, P<0.001) during the follow-up period. With ADV treatment, 67 patients (56.3%) had undetectable serum HBV DNA (detection limit, 0.5 pg/ mL). Virologic breakthrough occurred in 38 patients (36.1%) and 9 patients had a suboptimal ADV response. The overall survival rate was 89.9% (107/119), and a suboptimal response to ADV treatment was associated with both no improvement in Child-Pugh score (≥2 points; P=0.001) and high mortality following ADV rescue therapy (P=0.012). Conclusions: Three years of ADV treatment was effective and safe in decompensated patients with lamivudineresistant HBV. (Clin Mol Hepatol 2014;20:168-176)
INTRODUCTION
About 350 million people worldwide have chronic hepatitis B virus (HBV) infection, 1 and these individuals are at increased risk of developing hepatic complications, such as cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC). 2 The ultimate goals of HBV treatment are to induce remission and to prevent such complications by sustained suppression of HBV replication. 3 Interferons, including pegylated interferons, and nucleotide analogues are regarded as standard treatment for patients with chronic hepatitis B, and nucleotide analogues have been shown effective and safe in chronically infected patients with decompensated cirrhosis. [3] [4] [5] [6] [7] [8] [9] [10] [11] Treatment with the nucleotide analogue lamivudine has been shown to improve liver function (Child-Pugh class) and to prolong survival in patients with decompensation. 4, 5, [7] [8] [9] 11 In addition, earlier administration of antiviral drugs (that is, to patients with Child-Pugh B) leads to better prognosis than later administration to patients with poor liver function (that is, ChildPugh C).
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Over time, however, most patients experience resistance to long-term lamivudine therapy. 12, 13 Adefovir dipivoxil (ADV) is another orally bioavailable nucleotide analogue, effective against wild-type and lamivudine-resistant HBV in vitro and in the clinic. [14] [15] [16] [17] [18] [19] Now, the outcome of ADV rescue therapy in chronic hepatitis patients with lamivudine resistance can be seen in practice guideline for hepatitis B through many clinical studies. 3, 20 In addition, short-term treatment with 10 mg/day ADV of patients with decompensated cirrhosis and lamivudine resistance have been associated with favorable virologic and biochemical responses. [17] [18] [19] Less is known, however, about the long-term outcomes associated with ADV rescue therapy in decompensated patients with lamivudine-resistant HBV. 19 We have therefore assessed long-term clinical outcomes after ADV rescue therapy in decompensated patients infected with lamivudine-resistant HBV.
METHODS AND PATIENTS
This retrospective, multi-center cohort study assessed 128 decompensated liver cirrhosis patients with lamivudine-resistant hepatitis B virus who were treated with ADV 10 mg/day through the Adefovir depivoxil Compassionate Access Program (ACAP), starting in May 2003. Between May 2003 and March 2004, total 202 patients were screened at 11 hospitals in Korea. Of these, 74 patients were excluded from the analysis owing to compensated hepatic function (n=18), baseline HCC (n=17), post-liver transplantation state (n=16), refusal of informed consent (n=6), and death before ADV treatment (n=17) (Fig. 1) . At the time of this study, no antiviral therapy other than ADV was available in Korea for treatment of lamivudine-resistant HBV. The presence of lamivudine-resistant HBV was confirmed by restriction fragment length polymorphism analysis. 21 Patients remained in the study until ADV became available commercially. Decompensation was defined as a Child-Pugh (CP) score ≥ 7, together with a history of cirrhotic complications, including ascites, variceal hemorrhage, hepatic encephalopathy or spontaneous bacterial peritonitis. 17, 22 Concomitant lamivudine treatment was allowed and was discontinued at the discretion of the investigator. Patients with reduced renal function were managed by adjusting the dosing interval of ADV, based on creatinine clearance measurements.
Factors assessed at baseline included complete blood chemistry; serum electrolyte concentrations; serum ALT, bilirubin, and albumin concentrations; international normalized ratio (INR) for prothrombin time; presence of cirrhotic complications, including hepatic encephalopathy, ascites, variceal hemorrhage or spontaneous bacterial peritonitis; and hepatitis B serology, including HBsAg, anti-HBs, HBeAg, anti-HBe, and serum HBV DNA concentrations (Digene Hybrid Capture II assay, detection limit, 0.5 pg/mL). HBV serology, including HBV DNA concentration, and serum electrolytes, including serum creatinine and phosphorus concentrations, were measured regularly. Resistance surveillance for ADV was not routinely performed. All laboratory data were based on local references and assessed centrally.
All patients in the study signed the informed consent form be- 
Study endpoint
The end of follow-up was patient death, time of liver transplantation or last visit. Following outcomes were analyzed: changes in CP scores and model for end-stage liver disease (MELD); the proportion of patients with normalized ALT, serum bilirubin and albumin concentrations, and prothrombin time (INR); the proportion of patients with undetectable serum HBV DNA during ADV treatment; the frequency of liver transplantation and overall patient survival. Antiviral responses, including virologic breakthrough, suboptimal response, and virologic relapse, were also evaluated. Virologic breakthrough was defined as a detectable serum HBV DNA during treatment after achieving serum HBV DNA undetectability; suboptimal response was defined as sustained detectable HBV DNA after at least 6 months of continued treatment; and virologic relapse was defined as an reappearance of detectable serum HBV DNA after discontinuation of treatment. 3, 8, 23 
Statistical analysis
Descriptive statistics were reported as mean ± standard deviation or median (range) unless indicated otherwise. Cumulative rate of patient's events was analyzed using the Kaplan-Meier method. Changes in biochemical variables from baseline were tested using a 1-sample t-test and differences between subgroups were compared using the chi-square test, or one way ANOVA test as appropriate. Factors associated with clinical outcomes were investigated using Cox proportional regression analysis. Any variables identified as significant (P<0.1) in univariate analysis were included in multivariate analysis. Two-sided tests with P<0.05 were considered statistically significant. All statistical analyses were performed using SPSS version 14.0 software (SPSS, Chicago, IL, USA).
RESULTS

Patient characteristics
The baseline characteristics of the 128 patients at the start of ADV treatment are shown in Table 1 . Their mean age was 49.7±8.2 years and 97 patients (76%) were males. One hundred patients (78%) were positive for HBeAg at baseline and their mean HBV DNA concentration was 597±1039 pg/ml. None of the patients had HIV or hepatitis C virus co-infection. The mean duration of lamivudine treatment prior to ADV treatment was 36.2±17.6 months. Out of total patients (n=128), lamivudine was stopped after initiation of ADV therapy in 53 patients (41.4%). In the other 75 patients (58.6%), lamivudine was switched to ADV therapy with a mean 7.6±5.2 months of overlapping period. Of these 75 patients, 7 patients maintained lamivudine with concomitant ADV until the end of follow-up. Baseline hepatic function was CP class B in 59% and CP class C in 41%, and their mean Variceal bleeding 18 (14) Spontaneous bacterial peritonitis 9
Hepatic encephalopathy 13 (10) Data are given as median (range) or as number of cases (% 
Clinical efficacy of ADV rescue treatment
Median follow-up period in the 128 patients was 33 months (range 1-41 months). The analysis of clinical efficacy was analyzed after excluding patients who received liver transplantation (n=9) before ADV therapy and who discontinued ADV early (n=10). Following treatment, CP score decreased by ≥2 points in 86 patients (78.9%), was unchanged in 16 patients (14.7%), and increased by ≥2 points in 7 patients (6.4%). Of the 67 patients with CP score B at baseline, 57 (85%) improved to CP score A, 6 (9%) remained at CP score B, and 4 (6%) deteriorated to CP score C. Of the 42 patients with CP score C at baseline, 29 (69%) improved to CP scores A (23, 55%) and B (6, 14%), while 13 (31%) remained at CP score C (P =0.001) (Fig. 2) . Overall mean MELD score decreased from 16±5 to 14±10 (P<0.001). ALT was normalized in 74%, albumin in 67%, bilirubin in 70% and prothrombin time (INR) in 67.5%.
Virologic response of ADV rescue treatment
At baseline, all patients had HBV DNA concentrations >0.5 pg/ mL. Throughout ADV treatment period, undetectable HBV DNA (<0.5 pg/mL) was achieved and maintained in 67 (56.3%). During the ADV treatment, 38 of 119 (31.9%) showed virologic breakthrough during a median follow-up of 33 months; the cumulative incidence of virologic breakthrough was 6.5%, 15%, and 32.5% at 12, 24, and 36 months, respectively. Nine of 119 (7.6%) patients showed a suboptimal response to ADV treatment, as shown by sustained detectable HBV DNA (≥0.5 pg/mL) during a median 33 months (range 1-41 months). Among various clinical factors, virologic response to ADV (HBV DNA undetectability and virologic breakthrough vs. suboptimal response, 90.2%, 82.9% vs. 25%; P=0.001 Odds ratio 3.984 (95% confidence interval (C.I.) 2.262-7.017) was shown to be independently associated with improvement of CP score (≥2 points) by multivariate analysis ( Table 2) .
The virologic response to ADV treatment (HBV DNA undetectability, virologic breakthrough, suboptimal response) was not associated with concomitant lamivudine treatment (switch without overlapping vs. switch with overlapping vs. add-on, P=0.852) or with the duration of previous lamivudine treatment (P=0.664) and other baseline characteristics were not different among patients with different virologic response except ALT level (Table 3) . Of 7 patients with add-on ADV-lamivudine treatment, two patient diagnosed with HCC later had detectable HBV DNA at 6, 14 months of treatment (1 virologic breakthrough, 1 suboptimal response), respectively.
Survival
During the study period, nine patients underwent liver transplantation. Among the remaining 119 patients, 12 (10.1%) patients died. The cumulative 6-month, 1-year and 2-year survival rates were 95.8%, 94.1% and 89.6% (Fig. 3) . Of the 12 patients who died, all patients except two patients were in CP class C at their enrollment. Five patients who died within 1-2 months of treatment without improvement in liver function had baseline MELD score ≥25 (Table 4) . Two patients with CP class B (MELD score, 15 and 10, respectively) died at 6 months and 23 months after treatment, both due to HCC and liver failure. The remaining five patients died at a median of 17 months (range 6-23 months) after the start of treatment. These five patients showed unfavorable virologic responses; two patients had suboptimal response, two had virologic breakthrough and one had virologic relapse.
Survival rate following ADV rescue therapy was different according to the virologic response to ADV treatment; patient with suboptimal response to ADV treatment showed significantly lower overall survival rate than with sustained virologic suppression or with virologic breakthrough (66.7% vs. 98%, 94.7%, respectively, P=0.012) (Fig. 4) .
Adverse events
ADV was well tolerated in all 128 patients throughout the treatment period, with no serious side effects. During follow-up, the mean change in serum creatinine from baseline was 0.04±1.51 mg/dl (P=0.242). Ten of 98 patients (10.2%) showed ≥0.5 mg/dl increases in serum creatinine, with 6 patients discontinuing treatment due to death from liver failure. All six of these patients had baseline CP class C scores and their median MELD score was 22 (range 16-36). In the remaining four patients, the serum creatinine level did not exceed 1.5 mg/dl and all continued treatment until the end of follow-up. Serum phosphorus level did not decrease to less than 2 mg/dl during treatment.
DISCUSSION
This multicenter long-term cohort study assessed the effects of ADV treatment in 128 decompensated patients with lamivudineresistant HBV in an area in which HBV infections are highly endemic. Our findings strongly support previous results, showing that ADV rescue therapy was associated with virological, serological, and CP improvement, as well as with survival benefit in decompensated patients with lamivudine-resistant HBV. [17] [18] [19] In the previous studies, however, the follow-up period was relatively short (<12 months), and they involved a small number of recruited patients. In contrast, our patients had more severe liver dysfunction, all of CP class B (59%) and C (41%), and we used a longer follow-up period (median, 33 months; range 1-41 months), even when compared with a recent study of 226 patients, 25% with CP class A, who were followed for a mean of 37 weeks while awaiting liver transplantation in the United States. 19 To our knowledge, this study is the first to report long-term (approximately 3 years) results of ADV rescue treatment for decompensated patients with lamivudine-resistant HBV infection. Antiviral treatment has been found to improve CP score in decompensated patients with HBV-infection. 4, 5, 9, 11 We found that ADV treatment decreased CP score by at least 2 points in 78.9% of patients, had no effect in 14.7%, and increased CP score by at least 2 points in 6.4%. We found that 85% of patients with CP class B at baseline improved to CP class A, whereas 69% patients with CP class C improved to CP classes A and B, further suggesting that CP class C liver function at baseline is associated with poor clinical response to antiviral therapy in patients with HBV-related decompensation. Therefore, similar to baseline liver function at the start of lamivudine therapy, 11 baseline function at the initiation of ADV may predict response to treatment. In this study, the virologic response to ADV treatment was associated not only CP improvement but also survival rate following ADV treatment (HBV DNA undetectability, virologic breakthrough vs. suboptimal response). Previous study showed that antiviral therapy has been shown to slow disease progression only in patients with maintained viral suppression. 24 In contrast, failure of antiviral treatment had no impact on survival of HBV patients awaiting orthotropic liver transplantation. 23 The baseline liver function of patients enrolled in that study, however, was better:
68% of patients had low MELD scores. Interestingly, in the result, patients with virologic breakthrough following ADV treatment did not show poor clinical outcome as with suboptimal response. It may be because the observed duration following virologic breakthrough was not long enough to see the clinical consequences. Out of 12 ADV-treated patients who died during the study period, 5 patients died within 1-2 months of treatment had baseline MELD score≥25. This finding is consistent with those of previous studies showing that the pretreatment severity of decompensated liver cirrhosis is the most important predictor of early mortality. 8, [25] [26] [27] Clinical improvement would not be expected in these patients because they already had severe decompensation before ADV treatment. However, other antiviral agent such as tenofovir, known as more potent antiviral agent in lamivudine resistant HBV than ADV, 28, 29 might suppress viral replication more rapidly and completely and would result in different outcome in these decompensated patients. A major concern during antiviral treatment in patients with decompensation is the appearance of drug-resistant HBV. In lamivu- dine-resistant patients, the cumulative incidence of ADV mutations 24 months after switching from lamivudine to ADV was more than 25%, whereas the 2-year incidence in naïve patients receiving ADV therapy was 3%. 16, [30] [31] [32] Of 67 lamivudine-resistant Korean patients treated with ADV for 2 years, 9 (25.4%) showed ADV mutations. 30 Eight of these nine patients had liver cirrhosis at baseline, including four with decompensated cirrhosis. Meanwhile, given that the recent data, most would agree that the standard of care for lamivudine resistance in HBV would be the addition of a nucleotide (ex. lamivudine plus ADV or emtricitabine plus tenofovir) rather than the substitution of a nucleotide, particularly in a decompensated patient in light of recent "consensus" recommendations. 3 In recent study, ADV resistant rate at 3 years in patients with ADV added to lamivudine was 0% compared to 20% in patients switching to ADV monotherapy. 33 However, this is retrospective study and the consensus was not solid in that time. In this study, 38 of 119 (31.9%) patients showed viral breakthrough during a median 33 months of ADV treatment, although genotypic ADV resistance was not tested in all patients. The viral breakthrough rate was relatively high because follow-up period was long (33 months) and concomitant lamivudine treatment was discontinued in most cases. In addition, even in patients with continued lamivudine treatment, the duration of combination treatment was too short for the proper evaluation of virologic outcome. This study had some limitations. Its retrospective, observational design may lead to possible bias. Moreover, there was few with combination therapy in which patients were treated with both ADV and lamivudine. In addition, genotypic mutations conferring resistance to ADV were not analyzed. Despite these limitations, our study population clearly reflects the population of patients with lamivudine-resistant HBV receiving ADV rescue therapy for decompensation in South Korea, an area highly endemic for HBV. Although the clinical outcomes of HBV-related decompensated were serious, there was no evidence to support an alternative treatment strategy in decompensated patients with lamivudine-resistant HBV. In addition, this cohort study was large number, longterm follow up study compared to previous studies for decompensated patients with lamivudine resistant HBV. 18, 19 In conclusion, long term ADV treatment was effective and safe in decompensated patients with lamivudine-resistant HBV with resulted of ≥2-point decrease in CP score in 72.3% and a virological response rate of 56.3%. However, considering relatively high rates of early mortality and poor clinical outcome in suboptimal responder as well as viral breakthrough rate of 31.9% over a median follow-up period of 33 months, combination treatment with more potent, less resistant nucleos(t)ide would be better strategy in these patients. This needs to be validated in further prospective studies with longer-term follow-up periods. 
